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- This application is & division of application

Serial No. 554,193, filed July 31, 1931, and re-
lates to gears and particularly to the apparatus
for cutting and finishing teeth on a gear blank
through the rolling of the gear relative to the
cutter during the time the- teeth thereof are
moved laterally .relative to each other.

It bas been the practice heretofore to cut teeth

. on gear blanks by g tooth generating operation

10

‘and spacing.

wherein the cutter and the gear blank are ro-

tated in timed relation. Expensive machines,
which were extremely accurate, were employed
for supporting the cutters and the blanks in an
attempi to eliminate errors in the tooth profile
“While -the errors are reduced to a
minimum, nevertheless, owing to the variation in
the hardness of the material at different points

- about the gear blank and. also because of slight

20

machine errors which are impossible to eliminate,

‘the spacing and the profile of the teeth are not

entirely uniform when generated by the present

- known methods.

30

When my cutting toel is emplcyed 8 gear may

be generated which is extremely accurate be-

cause of the accuracy with which my fool may
be constructed and operated. The profile of the

teeth of the cutting tool may be constructed-to

be exactly the same on both sides and the spac-
ing is, in like manner, made to be exact, so that
the gears which are finished by my cutting tool

- will accurately mesh therewith and with each

35
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other, The employment of my cutting tool elimi-
nates any machine errors from effecting changes

‘in the tooth contour or spacing, as the errors of
the machine cannot be introduced between the

cutter and gear blank. For this reason the ex-

pensive machine above referred to need no longer

be employed for gear tooth generation and an ex-
tremely simple and inexpensive machine may be
utilized for effecting the manipulaticn of my gear

. cutter..
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‘When s fcrmed cutter or grinding wheel is

employed for generating teeth on gears, the teeth
formed thereby are inaccurate because the cutters

for grinding wheels are only approximate in con-

“tour below the base circle which is well known to

be within the working depth of the gear teeth.
My present cutter reaches to the full tooth depth
and accurately machines a correct profile, re-

gardless of the gear diameter, pitch or pressure
angle, and regardless of whether or not the base
—circle_is larger or smaller than the diameter of

the gear at the bottom of the tooth gap. It will

be furtber apparent that the teeth of a gear will
remain in contact with a greater number of

(Cl. 90—-2)
teeth on my cutting tool than will be in ccnta.ct .

with a second gear generated in like manner by

the tool, and interference between the teeth cf -

the two gears will be impossible.
Accordingly, the present invention has for its

‘main objects: to prcwde apparatus for mechjn-
ing teeth on a gear blank of accurate ‘predeter- -

mined contour and spacing throughout the en-
tire periphery of the gear; apparatﬂs for ma-

- chining teeth on gears which gffects an arcuate,
lateral - movement between . the teeth when the
cutter and gear are moved lengitudlnally when
in meshed relatmn the provision of a machine

which supports a gear relative to a cufter in
such manner as to effect a lateral movement both

to the cutter and the gear blank as the blank is

rotated relative to the cutter; and, in general, to

provide apparatus for machining a -gear which

apidly cuts the teeth to accurate dimensions
hrough the arcuate lateral movement provided

between the teeth of the cutter and those of

the gear effected on a machine which is simple

~ in construction and operation and which pro-
vides an exceptionally fine finish on the sides of
‘the teeth which are of extremely accurate di-

mensions.

Other cb.]ects and features of novelty of my

better understanding of my invention, to the fol-

lowing description in conjunction with the ac-
companying drawing, wherein:
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invention will be either specifically pointed out

or 'will become apparent when refernng, for a 30 |

PFigure 1 is a view in elevation of a gear cutti_ng -

machine embodying features of my invention,
Fig. 2 is a broken sectional view of the structure

of, "‘

Fig. 3 is a secticnal view of the structure il- |

lustrated in Fig. 2, taken on the line 3-—3 thereof,
Fig. 4 is an enlarged secticnal view of the struc-

ture illastrated in Fig.. 3 teken on the line 4—4

thereof,

 Fig.51s abrcken view cf a pcrtion of the struc-_
ture illustrated in Fig. 1 showing a gear as’ cut

by a modified form thereof, and

bodying my invention.

- In my co-pending applicatlen Serial No.
554,192, filed July 31, 1931 and assigned to the
assignee of the present invention, I have illus-

trated a cutting tool which is ‘made up from &
plurality of blades upon the ends of which teeth
are- Qrovided of predetermined contour, having

-cutting edges disposed on the sides. .-.ot the teeth

35
illustrated in Flg 1, taken on the line 2—2 there- R
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Fig. 6 is a view similar to Fig.. 5-showing 8 fur-
 ther modified form of gear cut by structure em-
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and in some instances across their top edges.

. The teeth are disposed in rows, which may be ex-

tended laterally or angularly across. s channel ‘

 shaped holder, in which the blades are retained in

10
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fixed predetermined relation to form the cutting

tool. The disposition of the teeth in the holder is"
- opposite . to the disposition of the teeth on the

gear. blanks, that is to say, when laterally dis-

posed teeth are-provided on the gear, such as

those on a spur gear, the teeth in the cutter are

angularly disposed, while in the case of g spiral

gear, the teeth of the cutter are laterally disposed.

| Referring to Figs. 2, 3 and 4, the cutter in-

cludes a eha.nnel .shaped body portion 15 hav-~

_____

~ _-tions {7 and 18 which form a central recess 189.

20

20

30

35

A plurality of blades 21 are disposed in the
recess 19 either .laterally or angularly relative
to the upstanding side portions 1T and 18, as
pointed out above. A wedge member 22 éngages
sloping sides of the blades 21, as illustrated in
Pig. 3, and is drawn downwardly in the’recess

. by a plurality of screws 23, the heads of which
engage recesses 24 provided in the wedge mem-

ber. End plates 25 are disposed in slots 26, pro-

vided in the ends of the upstanding portions (1.,

and 18, for closing the ends of the recess 19

when supported in fixed relation to the holder:
13 by bolts 21. A bolt 28 extends through aper-

ture 29 provided through the blades, as illus-
trated in Fig. 3,

the end plates 25. A wedge member 31, having a.

. sloping surface in engagement with a sloping
surface of one of the plates 25, forces the blades

21into intimate longitudinalrelation when a screw
32, disposed in an elongated aperture 33 in the
wedge member, is tightened.

The cutter {4 is-attached to a slidable plate

- 34 of truncated conical section, the sloping sides

of which are retained in a dovetailed recess 37
provided in a base plate 35 of a machine 36.

 Suitable mechanism 36, including 8 reversing

- jects upwardly from the base plate 3% having a

motor, & rack and pinion, is employed for re- .

eiprocating the slidable plate 34 and, therefore,

the cutter (4, which is retained by bolts 33 .

in fixed relation to the plate. An arm 39 pro-

- Iaterally extending portion 41 on its upper end,

- turning of the hand wheel 42 raises and lowers -

which is bifurcated to receive a hand wheel 42

through which a threaded end 43, of a gear

blank supporting member 44, extends. - The

the member 44 relative to the cutter 14 for po-
sitioning the gear blanks relative to. the teeth
of the cutter. The lower end of the member

44 is bifurcated, having . downwardly extending .
slde portions 45 and 46 through which aligned

apertures extend for receiving a spindie 48 for
supporting a gear blank 49 in the space between

the downwardly extending portions 45 and 46

for rotational movement on the spindle |
“One side of the-threaded end 43 of the member

44 1s grooved af 51 in which an inwardly ex-

70
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tending tenon 82 of a washer 83 registers, for
the purpose of gngularly positioning the member

ddxelative to the cutter 14. A screw 54 extend-

ing through a slot in- the washer B3 is tightened
to draw the washer into fixed relation to the
top surface of the extendlns portion 41 of the
projecting . member 38. I have illustrated in

Figs. 1 and 2 a spur gear 48 supported by the

member 44 with the laterally disposed -teeth

thereof in mesh with the teeth 2i of ‘the tool

{4.. The teeth of the cutting tool 14 are disposed
at an-angle for the purpose.of having the gear

for supporting -the blades on

-cutting edges 5T and §8 of the cutter.

is capable of

olank disposed anétula,rlﬁ relative to the move-
ment of the cutter for effecting a relative lateral

movement between the teeth of the cutter and
gear for machining the sides of -the gear teeth

when the cutter is moved longitudinally,
The hand wheel 42 is operated to force the

gear blanks 49 into Intimate contact with the—

teeth of the cutter (4, after which-the cutter is
reciprocated during the time- -additional pressure
is applied to the gea.r’blank through the fur-
ther downwa.rd movement of the member 44

effected by the operation of the hand wheel 42.

When the center of the spindle 48 has moved
downwardly until it is disposed a predetermined

distance above the cutting teeth, the gear is
then machined to a predetermined diameter hav-
ing teeth of accurate predetermined shape and

dimensions. )
- As pointed out in my above mentioned ‘co-

- pendirig application, the cutting of the teeth

is effected by the cutting edges provided on the
sides of the teeth of the tool. The' cutting edges

are formed by a plurality of grooves disposed

vertically or angularly in the tooth sides when
a finishing operation is to be effected on previ-

ously roughed out teeth of a gear blank. When
the entire cutting operation is to be performed
by my .machine, that is to say, when the teeth

are to be roughed and finished by my cutting

tool, -I provide additional grooves across the top
edge of the teeth, as illustrated in Figs. 3 and 4,

for effecting cutting edges 571 at the top of the
teeth in addition to the cutting edges 58 pro-
vided on their sides.  The angular disposition
of the gear blank relative to the movement of
the cutter effects a lateral movement between

the engaging sides of the teeth during the ro-

sides of the gear teeth ‘as they pass across the

cutting edges 57 and 58 of the cutter teeth.
In Figs. 5 and 6 I have illustrated right and

left hand spiral gears, that is to say, gears hav-

'ing angularly disposed teeth which may slope

in either direction as shown in the figures. When
spiral gears of this type are to be cut by my
cutting tool, I dispose the blades 2t laterally’
across the channel shaped member 8§ and like-

4
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15

tation of the blank, through its longitudinal
- movement or that of the cutter, to machine the

45

wise angularly dispose the gear blank when sup-

ported by the member 44, to have the teeth

of the blank register with the teeth of the cut-

ting tool.
gear blank and the cutter effects the lateral

movement between the teeth of the cutter and

the blank for accurately machining the sides of

the teeth of the gear into predetermined tooth

- formation.

AS pointed out in my foregoing application,
when the cutting edges 571 are provided on the

top of the cutting teeth, the gear blank may be.
mounted directly upen the member 44 without

first roughing out teeth in the periphery there-
of, the roughing operation being effected by the
While a

complete cuttlng 0peration for machining teeth

in the gear blank may be effected by my cut-

ting tool, it is to be understood that the tool

The angular disposition between the -

50
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operates more efficiently in finishing the teeth

after they have first been roughed out by a hob-
" bing or like cutting operation.

This method of roughing and ﬂnishihg gears
ing extended through the employ-

ment of a circular cutter in place of the flat cut-

ter herein described and ilfustrated. An arbor
'_ 13 provided for supportlnc and rotating the cut-
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~ ing the sides of the gear teeth. In like manner
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ser- which is substituted for the mechanism for
longitudinally moving the cutting tool.  The cut-
ting tool, in the nature of a gear, may be built
up from a plurality of blades having cutting

sides as herein illustrated or a solid gear may .

be constructed as a cutting tool having the flanks
of the teeth provided with lands and grooves for
effecting the cutting edges employed for machin-

the cutter having horizontally. disposed teeth
may be made from a single piece of material
instead of from a plurality of blades .as herein
illustrated. | |

My cutting tool accurately machines teeth on

a gear independent of the machine upon which
1t is supported and by which the relative move-
ment between the gear and cutter is effected.

‘The error heretofore introduced by the machine

In the tooth shape and spacing during the gen-

erating operation is .entirely eliminated and a
comparatively simple, inexpensive machine IMay -

be employed for supporting and effecting the rel-

ative movement between my cutter and a gear

| “blank. ., -

Tools suitable £6f use in my machine are also
described and | _
application, Serial No, 554,192, filed July 31, 1931:

-and the method of finishing gears according .to

my invention is claimed in my said copending

application, Serial No, 554,193, filed July 31, 1931.

In the claims the expression “gear-like tool” is

~used to define a tool of the character of a spur

40
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or helical gear which will operate as a driving

gear and also as a driven gear. This includes a -

rack, such as illustrated in the drawing, which

Is considered here as a ‘circular gear of infinite

radius, having a theoretical axis parallel to the

pitch surface of the rack teeth about which the

rack teeth may be said to rotate. The expres-
sion “gear-like tool” in the claims excludes a
hob or similar wormlike cutting tool having a

“helix angle so large that it cannot be driven
by the gear which it cuts.
ment of the tool referred to in certain of the )
claims is the plane of rotation of & circular tool,
or that plane of movement of a rack tool which

The plane of move-

~ Is perpendicular to the theoretical axis of the

o0
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rack and parallel to the path of movement fol-

lowed by the rack during reciprocation.’
Rotation of a pair of gears when in mesh on

parallel axes will produce slippage between the

meshed teeth in a radial -or vertical direction,
that is perpendicular to the pitch lines of the
meshed teeth. If one of a pair of meshed gears
1s moved axially with respect to the other with-
out rotation the slippage occurring between the

meshed teeth will be lateral in direction, that

- 1s, parallel to the pitch lines of the meshed teeth.

60
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This latter is true irrespective of whether the
geéars are on parallel axes or not. When. this
radial and lateral slippage occur simultaneously,
the resulting slippage between the meshed teeth
Is in a direction diagonally of the tooth faces

and is the resultant of these two simultaneously

acting components of movement. Such simul-

taneous lateral and-radial slippage may be se-

~ cured, as in the embodiment of the invention dis-
- closed herein, by rotating the gear in mesh with

w0

~ the claims, with

78

nent of movem _ |
which tends to produce slippage between the teeth
in a.direction perpendicular to the pitch lines

the tool in a plane at an-angle to the plane of
movement of the tool, or, as_stated in certain of
. the axes of the tool and gear
at an angle-tq each other. The rolling compo-
ent is therefore the component

almed as such in my copending

- changes, omissions, additions and substitutions

of the meshed teeth and the “lateral component

of movement” is the component which tends to

produce slippage in a direction parallel to the

pitch lines of the meshed teeth. The reference .
_ to “lateral cutting edges” in the claims means
- cutting edges which cut due to the lateral com-
ponent of movement. Such cutting edges, if they

extend substantially vertically of the tool teeth,
lie substantially parallel to the plane of roll of

~the gear and substantially parallel to the verti-
cal or radial component of sliding movement.

Accordingly, vertical or substantially vertical cut-

ting edges are provided so that there will not

10

be any material cutting resulting from that ver-

tical or radial component of sliding movement.

- 15

The terminology substantially vertical cutting -

edges is intended to include cutting edges which

may be somewhat inclined from the vertical but .

‘which are not of sufficient inclination to cause

material cutting as a result of the vertical or
radial component of sliding movement between

20

the gear and tool teeth. 'Likewise the terminology

“with the engaged cutting edges of the tool sub-
stantially parallel to the plane of rota’ion of the .

gear” 1s intended to include a similay variation

from- parallelism
the gear. | o B -
While I have specified that the cutter is ac-

- tuated to effect the machining of the gears, it

is to be understood that the same result may be

obtained by actuating the gear and/or its sup-

with the plane of roi;ai_:ion‘ of

port across the cutting tool. In either case a

While I have described and illustrated several

embodiments of my invention, it will be appar-

gear having extremely accurate tooth profile and
‘spacing is finished, or roughed and finished, by
~an operation which utilizes my cutting method.

35

ent to those skilled in the art that various:

may be made therein without departing from the
spirit and’scope of my invention, as set forth
in the accompanying claims. ‘

I claim: |

1. In a machine for finishing roughed out gear

teeth utilizing a tool having a plurality of teeth

46

one flank of each of which is formed of a plural- |

" ity of spaced lands having substantially parallel

lateral cutting edges thereon, the combination of

means for supporting sald gear and said tool in

engaging relation with the said lateral cutting

edges in planes substantially parallel to the plane

50

of the roll of the gear relative to the tool: and

means for rolling said gear relative to said tool

and for introducing a lateral component of move- -

- n

ment between said gear and tool teeth, o
2. In a machine for finishing roughed.out teeth

-

'utﬂizing g tool having a plurality of teeth one

flank of each of which is formed of a plurality of
spaced lands having substantially parallel latersl
cutting edges thereon, the combination of means
for supporting said gear and said tool in engaging

relation with the axes thereof at an angle to each

~other and with the said lateral cutting edges in
- planes- substantially parallel to the plane of the

roll of the gear relative to the tool: and means for
rolling said gear relative to said tool thereby in-

troducing a lateral component of movement be-
tween said gear and tool teeth. -
3. In a machine for finishing roughed out gear

65

teeth utilizing a tool having a plurality of teeth 70

one flank of each of which is formed of a plu-

rality of spaced lands having substantially paral- -
- lel Jateral cutting edges thereon, the combination
of means for supporting said gear and ssid tool |
in engaging relation with the said lateral cutting "™

—— =
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edges in planes substantlally parailel to the plane
of the roll of the gear relative to the tool: and
means for rolling sald gear relative to said tool
and for introducing a lateral component of move-
ment between said gear and tool teeth; and addi-

tional means for Ieedlng said gear radially rela--'

tive to said tool.

4. In a machine for finishing roughed out teeth
utilizing a tool having a plurality of teeth one
fiank of each of which is formed of a plurality of

spaced lands having substantially parallel lateral
cutting edges thereon, the combination of meansg

for supporting said gear and said tool in engag-.

ing relation with the axes thereof at an angle to
each other and with the said lateral cutting edges

~ in planes substantially parallel to the plane of

20
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the roll of the gear relative to the tool; and means
for rolling said gear relative to said tool thereby
introducing a lateral component of movement be-
tween said gear and tool teeth; and additional
means for feeding said gear radially relative to
said tool.

5. A machine for finish cutting rotughed out

- gears, comprising, in combination, a gear-like tool

having a plurality of teeth conjugate to the teeth
to be produced on the gear to be finished, the

-working surfaces of each of the teeth of said tool
being provided with a plurality of narrow parallel
grooves separated by narrow lands, the edges of .

said lands forming parallel cutting edges, said

grooves and cutting edges extending substantially
vertically from the roots of the teeth to the crests
thereof, means for operatively supporting the tool

and gear in mesh with the engaged cutting edges
‘of the tool substantially parallel to the- plane of

rotation of the gear, means for driving one by the

other to bring the cutting edges progressively into
contact with the gear teeth, and means for in-

troducing a simultaneous lateral component of -
movement between the meshed teeth of the gear. .
and tool in a direction transverse to the cutting

edges in.contact with the gear to effect cutting of
the gear teeth by said vertical cutting edges.
§. A machine for finish cutting roughed out

gears, comprising, in combination, a gear-like tool - .
- having a plurality of teeth conjugate te the teeth

to be produced on the gear to be finished, the
working surfaces of each of the teeth of said tool

being provided with a plurality of narrow paraliel

grooves separated by narrow lands, the edges of

said lands i'ormmg parallel cutting edges, sald
‘grooves and cutting edges extending substantially
vertically from the roots of the teeth to the crests
thereof, means for operatively supporting the
tool and gear in mesh with the engaged cutting &
edges of the tool substantially parallel to the
plane of rotation of the gear, means for driving

" one by the other to bring the cutting edges pro-

gressively into contact with the gear teeth, means
for introducing a simultaneous lateral component 10

of movement between the meshed teeth of the
gear and tool in a direction transverse to the
cutting edges in contact with the gear to effect.
cutting of the gear teeth by said vertical cutting

edges, and means for feeding the gear and tool 15
- relatively toward each other radially of the gear

to force the cutting edges on oppositely directed:

faces of the tool teeth simuitaneously into en-

gagement with opposltely directed faces on the

gear teeth, 20
7. A machine for finish cutting roughed out

gears, comprising, in combination, a gear-like

tool having a plurality of teeth conjugate to the

teeth to be produced on the gear to be finished,

the working surfaces of each of the teeth of sald 25
tool being provided with a plurality of narrow
parallel grooves separated by narrow lands, the -
edges of said lands forming parallel cutting edges,
sald grooves and cutting edges extending substan-
tially vertically from the roots of the teeth to the 30
crests thereof, means for operatively supporting
the tool and gear in mesh with their planes of
movement at an angle to each other and with the -
engaged cutting edges of the tool substantially
parallel to the plane of rotation of the gear, means 36
for driving one by the other to bring the cutting

‘edges progressively into contact with the gear

teeth and to cause a simultaneous lateral com-

-ponent of movement between the meshed teeth of

the gear and tool in a direction transverse to the 4-‘0
cutting edges in confact with the gear to effect

- cutting of the gear teeth by sald vertical cutting
edges, and means for feeding the gear and tool

relatively toward each other radially of the gear 45

to force the cutting edges on oppositely
- faces of the tool teethr simultaneously into

gagement with eppositely directed faces on tha

gearteet.h .
- WILLIAM F. Dum.. 50
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